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Processing of Microbial Reads and Calculation of Diversity
Raw paired-end reads reflecting 16S rRNA fragments were merged into consensus sequences using FLASH (min overlap: 20 bp overlap; 5% max mismatch density), and trimmed for quality (target error rate < 1%) using Trimmomatic and QIIME v1.9.0. PhiX control sequences were identified using BLASTN and filtered. Resulting sequences were evaluated for chimeras with UCLUST (de novo mode) and screened for human DNA using Bowtie2 against NCBI Homo 3 sapiens Annotation Release 106. Reads assigned to chloroplast or mitochondrial contaminants by the RDP classifier with a minimum confidence of 50% were also removed. High-quality 16S rRNA sequences were assigned to a high-resolution taxonomic lineage using Resphera Insight
Raw paired-end shotgun metagenomics sequence datasets were also trimmed for quality using Trimmomatic (min final length 75bp) and screened for human genomic DNA using Bowtie2 (--sensitive setting against GRCh38 reference with alternate chromosomes). Highquality passing sequences were submitted to Pathoscope v1.0 for species level characterization (4, 5) .
Prediction of Metagenomic Pathways
We utilized two methods in order to derive abundance of metabolic pathways from the 16S rRNA or WGS sequences. For the 16S rRNA reads, after obtaining the OTU tables, we utilized the PICRUSt algorithm. This method obtains the representative genomes according the nearest neighbor match, and then normalizes the genome abundance using the 16S rRNA copy number for that genome. Once the metagenomics content is binned, it is expressed in terms of KEGG representative ortholog (KO) counts. For the WGS reads, we utilized the HUMAnN algorithm. This method takes as input short DNA or RNA reads and uses BLAST to identify orthologous gene families, which are used to identify metabolic pathways. Once identified, the pathways are then normalized by presence/absence of the taxa, and additionally by relative abundance of the taxa present in the sample. These data were used for downstream statistical analysis to compare obese and normal stool samples from individuals with or without CRC. 4 
Statistical Analyses
In this multilevel model, the study is defined as level 2 and the individual observations are level 1. At level 1, the outcome is CRC status (1=has CRC, 0=does not) and is predicted by an intercept, alpha diversity and BMI. At level 2, the level 1 regression coefficients (i.e. β0j, β1j, and β2j for the intercept, alpha diversity and BMI regression coefficient, respectively) are modeled by the study characteristics. In this model, the level 1 regression coefficients vary among studies, which means, for example, that the effect of alpha diversity to predict CRC status varies by study and study characteristics. Precisely, we are estimating the following model:
Where the regression coefficients are modeled by study characteristics. For example, /0 = // + /2 ( ℎ ) + /> ( ) + /0 ; which defines how the model parameters vary by study characteristics. In this model, the 's represent the level two model parameters and u is the study specific error term. Estimation of this model is employed using the lme4 (linear mixed effects) package in R (7). Due to the small number of studies included in this meta-analysis, the estimation of the variance of the level 1 parameters is uncertain and should be interpreted with caution.
In order to compare taxonomic abundance between groups, we used as input OTU counts. Negative binomial regression was used with BMI as a continuous variable (obese vs.
non-obese) for analysis of the microbiome while controlling for age and sex. Multiple testing procedure was conducted on these values using BH-based false discovery rate control. The criterion to declare significance was q-value <0.2. Furthermore, the abundance of Bifidobacterium catenulatum was examined among groups of obese or non-obese individuals with and without CRC. The standardized mean differences among studies was calculated using
Hedge's g, a bias corrected estimate of standardized mean differences. Estimation was employed using the meta package in R (8).
Mediation analyses were also conducted. The goal of these analyses is to uncover if the relationship between BMI and CRC status is mediated by bacteria present. First, bacteria were dummy coded for presence or not for all samples (dummy coded solely for whether an individual has a given bacteria or not, these results are not meant to show mediation among varying levels of each bacterium). Second, the relationship between BMI and CRC status was estimated by using a simple logistic regression model. Third, the classic mediation model was estimated by using the lavaan package in R (9). This model is estimated for the presence of each bacterium. Lastly, the change in the odds ratio is calculated between models. The change in the OR is an estimate of the mediation effect that a bacterium has on the relationship between BMI and CRC status. Last, we derived an overall mediation affect using the q-values from Pooled BMI (association between BMI and microbiome using all samples only, adjusting for disease status, sex and age) and Pooled DS data sets (association of disease status with microbiome using CRC and normal samples, adjusting for BMI, sex and age). These overall Qvalues were approximately based on 1 -(1 -q1)*(1-q2), where q1 and q2 are q values for the BMI and DS associations on the pooled data set (q value can be interpreted as the probability of being false positive, 1 -(1 -q1)*(1-q2) is the probability of being false positive in either of the associations, assuming independence between the two tests.
Further exploration of whether taxonomic abundance among obese or non-obese individuals is indicative of CRC utilized random forest analyses. Random forest analysis is a machine learning/predictive modeling algorithm designed to estimate an ensemble of decision trees that are combined to give an estimate of an output. In this study, we employed random forest analyses as a classification of obesity (obese vs. non-obese) conditional on the status of CRC. Four random forests were grown for each study dataset when possible; the forests were grown using the relative abundance of taxa with or without age and sex included at the OTU and genus level for two subsets of data that were conditioned on CRC status (CRC or adenoma). The resulting models aimed to classify individuals as obese based on the microbiota composition, and these classification models were tested with 10-fold cross validation. The receiver-operating-curve (ROC) of these classifications was also inspected for how sensitive the models are to detect obese individuals and how specific these models are to select only individuals that are obese. A measure of model quality is the area under curve (AUC), or area under the ROC, where an AUC of one is perfect prediction and an AUC of .5 is pure chance or prediction. Another benefit of using random forest analyses is that an estimate of the predictive importance of each OTU or genera is estimated. This estimate of importance is found by the predictive quality of model conditional of the ensemble trees that do not contain that specific input variable (OTU or genera in this case). All processed data and code for this analysis has been deposited at:
https://github.com/GreathouseLab/CRC_BMI_meta_analysis.
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Figure S1: Probability of having CRC using alpha diversity as a predictor among individuals with obesity. Predicted probability of having CRC using A) observed OTUs or B) Shannon Index. Figure S4 : Differential abundance of taxa associated with obesity and CRC taxa. OTUs (16S rRNA) or species (WGS) log 10 scale relative abundance of Ruminiococcus spp., Coprococcus spp., Bacteroides spp., Bifidobacterium spp. and Akkermansia muciniphila. P-values were calculated using negative binomial regression using abundance as a count and including age and sex as covariates. Significant differences between obese v non-obese with or without CRC are denoted by an asterisk (FDR adjusted p-value <0.1). Q-values -Benjamini-Hoschberg-based false descovry rate (significant at <0.2) Standardized mean differences among studies calculated using Hedge's g Supplemental Table 1 : Summary of species level differential abundance comparing obese or non-obese controls to obese or non-obese CRC cases (cont.)
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